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Introduction
Currently, there are an estimated 700 000 people with dementia in the UK. This is set to increase to over 1 million by 2025 (Knapp and Privette, 2007) . Evidence from large epidemiological studies suggests that one in three of those over the age of 65 years will die whilst suffering from dementia (Brayne et al., 2006) , and median survival from onset of dementia to death is 4.1 years (Xie et al., 2008) .
The emergency admission of an older person with dementia to an acute hospital increases short-term mortality risk further. We have found that in patients with unplanned acute medical admissions, 18% of those with dementia (median length of admission 11 days) died during the index admission compared with 8% of those without dementia (median length of admission 7 days). The hazard ratio for mortality in those with dementia compared with those without, adjusted for age and severity of acute physical illness, was 2.09 (95% CI, 1.10-4.00) (Sampson et al., 2009) . Morrison et al. demonstrated a longer term effect in patients with advanced dementia and pneumonia admitted to the acute hospital; 6-month mortality after pneumonia was 53% in those with dementia, compared with 13% of those who were cognitively intact (adjusted hazard ratio 4.6, 95% CI 1.8-11.8) (Morrison and Siu, 2000) . Medical staff consistently overestimate prognosis in advanced dementia; at nursing home admission only 1.1% of residents were perceived to have life expectancy of less than 6 months, however, 71% died within that period (Mitchell et al., 2004a) .
There is increasing evidence that people with dementia often receive poor quality end of life care (Sampson et al., 2006; Thuné-Boyle et al., 2010) . Prognostic uncertainty has been identified as a key reason for this (Morrison and Siu, 2000) . It has been argued that medical care based on cure and maximal prolongation of life is inappropriate for patients with advanced dementia, particularly those with acute physical illness, and that a more palliative approach to care should be adopted (Volicer, 1997) . Improved information on longer-term prognosis would allow clinicians to feel more confident in adapting a palliative model of care for frail older people with dementia.
This study was designed to examine survival in a large, representative cohort of people over 70 years who had been admitted to the general hospital with acute medical illness. Our objective was to examine the effect of dementia on longer term survival after acute hospital admission and to assess whether this is an independent predictor of mortality.
Method

Study population
For a detailed description of study methods and the cohort, see Sampson et al., (2009) . Recruitment took place at a large north London general hospital serving an area of socioeconomic and ethnic diversity. All patients aged 70 years and older with an unplanned medical admission to any medical speciality were eligible for inclusion. The cohort was recruited from 4 June 2006 to 4 December 2006. Participants were excluded if they were admitted for less than 48 h (this was to exclude patients undergoing brief admission to the accident and emergency ward) or did not speak sufficient English for basic cognitive assessment. All patients were assessed within 72 h of admission by an old age psychiatrist.
Diagnosis of dementia
All participants were first screened with the Confusion Assessment Method (CAM) using the version that maximises sensitivity (Inouye et al., 1990) . Those who screened positive for delirium were re-assessed 4 days later and if they remained positive for delirium were excluded from further analysis. This aimed to minimise the risk of misclassification of delirium as dementia. After this, a diagnosis of dementia was generated by an independent clinician experienced in old age psychiatry using a structured clinical assessment based on operationalised DSM-IV criteria (American Psychiatric Association 1994) This comprised cognitive testing by using the Mini Mental State Examination (MMSE Folstein et al., (1975) ), structured review of the clinical notes and discussion with family and other carers.
Other explanatory and outcome variables
Demographic data (age, gender and place of residence) were gathered from the hospital notes. All patients admitted acutely to the hospital receive standardised assessment of continence and are routinely assessed for risk of pressure sores with the Waterlow Scale (Waterlow, 1985) . It is the most widely used pressure sore risk tool used in the UK. This measures a range of risk factors including gender, continence, malnutrition, mobility and neurological deficits. Full hospital notes were reviewed for chronic comorbidity by using standardised and validated ICD-10 coding lists (Sundararajan et al., 2004) , and severity of comorbidity was calculated by using the modified Charlson comorbidity scale (Charlson, 1987) , from which the item on dementia was removed. This is a valid and reliable measure of comorbidity in older people (de Groot et al., 2003) The APACHE II gives the severity of acute illness by using 12 routine physiological parameters, taken at the point of admission, including core temperature, mean arterial pressure, Glasgow Coma Scale and laboratory values (serum sodium, potassium, creatinine and haematocrit) (Knaus et al., 1985) . We used a modified version as arterial blood gas sampling was not routinely performed on all patients (Adamis et al., 2006) . Severity of functional impairment was measured by using the Functional Assessment Staging Scale (FAST) (Reisberg et al., 1982) , an observational scale that describes a continuum of seven successive stages of dementia, from normality to the most severe dementia. This was categorised by using established cut-off points as '1' no impairment, '2-5' mild/moderate impairment and '6-7' moderately severe/severe impairment (Reisberg et al., 1996) . Length of hospital stay was collected from hospital administrative data.
Mortality
All participants were 'flagged' by using the UK Office for National Statistics system allowing automatic notification of date of death and provision of a copy of the death certificate. Survival time was from the date of hospital admission to the date of death or until censoring on 9 July 2009.
Diagnosis on admission
Data were collected from Hospital Episode Statistics by using the primary ICD-10 diagnosis coded for the index admission and categorised according to the Ambulatory Care Sensitive Condition system (Sanderson and Dixon, 2000) . The commonest Ambulatory Care Sensitive Condition categories in this cohort were acute ischaemic heart disease, chronic obstructive pulmonary disease (COPD), urinary tract infection and pneumonia.
Ethical issues
We sought verbal consent from participants or, if they lacked capacity to consent, verbal assent from their carers. The study involved the collection of routine clinical data that has subsequently been fully anonymised. Screening for cognitive impairment, dementia and delirium should be routine on hospital admission. The study was approved by the Royal Free Hospital NHS Trust Ethics Committee (06/Q0501/31).
Data analysis
Cohort characteristics were reported and compared between patients with and without DSM-IV dementia by using t-tests and w 2 tests, as appropriate. We then examined mortality rates by DSM-IV dementia diagnosis and severity, as measured by the FAST scale. These were plotted and compared using Kaplan-Meier plots and the log-rank test.
Finally, multivariable Cox models were fitted to analyse the effect of dementia adjusted sequentially for clinically relevant variables that have been shown in the literature to be associated with mortality in acute hospital inpatients or people with dementia: age and gender (Xie et al., 2008) , Apache II (Knaus et al., 1985) and modified Charlson score (Zekry et al., 2011) , pressure sore risk (Waterlow score) (Sancarlo, et al., 2011) . Similar multivariable Cox models were also fitted to examine the effect of the severity of dementia (FAST) on survival. The proportional hazard assumption was checked by using Nelson-Aalen plots, testing for an interaction with time. Variables were kept as continuous when their relation to mortality was linear, and grouped in standard categories otherwise.
All statistical analyses were performed by using STATA version 11 (Stata Corp, College Station, TX, USA). All the p-values reported are two-sided and considered significant when less than 5%. All confidence intervals are at the 95% level. There was little missing data and analyses were performed on a complete case basis.
Results
A total of 805 patients over the age of 70 years had unplanned admissions to the hospital lasting more than 48 h during the recruitment period. Of these, 45 were discharged before they could be assessed leaving 760 (94.5%) patients for further assessment. Of these, 30 did not wish to participate (3.7%), and 20 did not speak adequate English (2.5%). Therefore 710 (88.2%) were screened with the CAM, and a further 93 excluded because they had persistent delirium. One participant was excluded because they had more than 50% of data missing and this left 616 participants (76.7%) for this analysis.
Patients excluded from this analysis (refused to participate, insufficient English, persistent delirium or moribund) had significantly increased in-hospital mortality during the index admission compared with those who were included (20.4% vs 9.4%, w 2 =10.17, p = 0.001), but those excluded did not differ significantly with respect to age, gender, Charlson score or APACHE II score (for further details, see Sampson et al., 2009) .
Cohort characteristics
Characteristics of the cohort are presented in Table 1 . The mean age of participants was 83.2 years (range 70-101 years) and 59% were women. The majority of participants resided in their own homes with over 20% of patients were from residential or nursing homes. DSM-IV dementia was present in 42% of participants. FAST scores demonstrated that over a quarter of the cohort were moderately or severely impaired in activities of daily living as a result of dementia.
There was a much higher prevalence of dementia in patients admitted from residential and nursing homes than those admitted from other settings. Patients with dementia had higher Waterlow scores, greater risk of pressure sores on admission, poorer chronic health status (Charlson Score) and significantly higher APACHE scores suggesting greater acute physiological disturbance at the time of the index admission.
Mortality
Patients with DSM-IV dementia and with increasing functional impairment, as measured by the FAST scale † Some patients who complained of subjective difficulties as defined by the FAST scale did not reach DSM-IV criteria for dementia.
had higher mortality rates. Of people with dementia, 48% had died by 12 months after admission, compared with 33% of those without dementia. In those with the most severe dementia (FAST scores of 6-7), 50% had died by 12 months from the index hospital admission. Median survival was 2.7 years for those with no dementia compared with 1.1 year for those with dementia (Table 2) . The Kaplan-Meier curves (Figure 1 ) demonstrate the reduction in survival probability that occurs with increasing DSM IV dementia and with increasing dementia severity on the FAST scale (log-rank test for equality of survivor functions was <0.001 for both measures).
Proportional hazard regression
The effect of dementia on mortality remained constant over time (nonsignificant interaction between time and dementia, p = 0.79). Unadjusted Cox models showed that patients admitted with DSM-IV dementia were 1.66 times less likely to survive until any given time (95% CI, 1.35-2.04). A similar increase in mortality risk (HR 2.01, 95% CI 1.57-2.57) was seen in those with the most severe dementia, FAST categories 6-7. All adjustment variables were strongly related to death (p < 0.001), except gender (p = 0.69) ( Table 3) . Table 4 gives hazard ratios for the association between dementia and FAST scores.
Sequential adjustments showed that the effect of DSM-IV dementia was still significant after adjustment for age, sex, Apache II score and Charlson score (Hazard Ratio (HR) = 1.56 95% CI, 1.23-1.98), but became nonsignificant after adjustment for Waterlow score (HR = 1.24 95% CI, 0.95-1.60) (Table 3) . Similar results were found for patients with severe impairment on the FAST score. Log-rank test for equality of survivor function: p<0.001 for both figures Figure 1 Kaplan-Meier unadjusted survival curves by DSM-IV dementia diagnosis and FAST score. 
Discussion
Older people with dementia are frequently admitted to the acute hospital. Although other studies have examined the impact of this on short-term mortality during the index admission (Zekry et al., 2009) , this study is novel in that we have examined longer term survival up to 12 months, controlling for a range of modifying factors that are used in routine clinical practice. We found that people with dementia had significantly shorter median survival times; 1.1 years compared with 2.7 years in those without dementia. It should be noted that 15% of those with dementia died during the index admission. It is possible that this high initial mortality contributed to the longer term increased mortality risk. At 6 months, 41.8% of those with severe dementia had died, compared with 23.1% of those without dementia. Our results reflect those of Morrison and Siu 2000 who demonstrated similar 6-month mortality (53%) in a more selected population of people with severe dementia and pneumonia. Thus life expectancy in this group was similar to older people with other serious life-limiting illnesses such as stage IV congestive cardiac failure (Nohria et al., 2002) or metastatic breast cancer (Kiely et al., 2011) .
People with dementia had an unadjusted risk of mortality that was 1.66 times than those without; this risk was doubled in people with moderately severe/severe dementia and a FAST score of 6-7 (HR 2.01, 95%CI 1.57-2.57) and was constant over the follow-up period of the study (up to 3 years). These risks remained significantly increased after adjusting for demographic factors, acute physiological disturbance on the index admission (APACHE II score) and chronic comorbidity (Charlson score). However, the strength of association was reduced when adjusted for Waterlow score (HR = 1.24 95% CI, 0.95-1.60). The Waterlow score measures appetite, skin condition and mobility, thus it is a marker of nutritional status and function. Studies in nursing home residents with dementia have found that pressure ulcers are a strong predictor of mortality regardless of the degree of cognitive impairment (Gambassi et al., 1999) . In addition, in the acute hospital, shorter term mortality is no longer associated with cognitive status, once nutritional status (Zekry et al., 2009) anorexia and function in activities of daily living are taken into account. The relationship between dementia, frailty and mortality is complex. Adding cognition to models of frailty improves their ability to predict a range of adverse outcomes; however, the underlying mechanisms and level of interaction remain unclear (Avila-Funes et al., 2009). A recent out-patient clinic based cohort study found that nearly a third of frail patients with Alzheimer's disease died within 1 year (Bilotta et al., 2012) . Thus, the Waterlow score may be a marker of general frailty associated with cumulative risks of comorbidity, poor physical health and nutrition; factors which may be mediators on the pathway between dementia and death.
Strengths and limitations of this study
We were able to recruit a large representative sample of older people undergoing unplanned acute hospital admission. The hospital involved serves five separate Primary Care Trusts (healthcare economies) covering a total population of 1.2 million. Follow-up rates for the primary outcome were high as we 'flagged' participants with the UK Office for National Statistics and automatically received notifications of the date of death. The DSM-IV dementia criteria have high interrater reliability and agreement with the gold-standard National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) criteria (Chui et al., 2000) but, compared with ICD-10 may identify more cases, particularly of mild dementia because ICD-10 requires duration of at least 6 months. The prevalence of DSM IV dementia in our acute hospital cohort (42%) was very similar to that found in other studies in this setting, which range from 40.2 to 43.3% (Laurila et al., 2004; Zekry et al., 2008) . We aimed, as far as possible, to avoid the misclassification of delirium as dementia. We used repeated assessment for delirium with the valid and reliable CAM tool, a technique used in other studies of this type. We tried to exclude patients with persistent delirium before they underwent cognitive testing with the Mini Mental State Examination and diagnosis for dementia. Given that people with pre-existing dementia are at much higher risk of developing delirium, and mixed delirium/dementia is associated with very high mortality (Rockwood et al., 1999) , by excluding those with persistent delirium, we may have actually underestimated mortality risk in this cohort. The study was conducted in a single hospital, and it is possible that the increased mortality risk of those with dementia is atypical. However, the hospital has one of the lowest standardised mortality ratios in the UK; therefore, risk may actually be higher in other settings (Dr Foster, 2010) .
Residual confounding is possible; in particular, we may not have had full information on participants' past medical history and could not measure all possible factors that may have an impact of survival in this patient group such as concurrent depressive illness (Zekry et al., 2009) . The addition of a validated frailty index should be considered in future studies. We have, however, used other measures that are embedded in usual UK clinical and nursing practice, such as the Waterlow scale, or those that can be derived from standard clinical information.
Clinical implications
This study has demonstrated that dementia is associated with a sharply reduced survival over 12 months in people with dementia who have undergone unplanned acute hospital admission, in particular amongst those with moderately severe and severe dementia. An emergency admission of an older person with dementia may be a useful indicator of mortality risk. In addition, the busy acute hospital ward may be a particularly challenging, risky and stressful environment for an older person with dementia. This may be the point at which health professionals should consider adopting a more supportive or communitybased approach to their care, particularly in those with more advanced dementia.
This may be a useful 'transition' point at which to consider advance care planning and discussion of prognosis with the patient (if possible) or with their family to consider which interventions are in their best interests both now and in the future. Further work is now required to examine whether we can develop a simple but robust prognostic model for people with dementia in this setting that clinicians can use to inform their decision making. Although the use of such models in clinical practice has been questioned (Moons et al., 2009) , there is strong evidence that clinicians routinely overestimate the survival times of people with dementia (Mitchell et al., 2004) . The use of information on prognosis can significantly improve the quality of care provided to people with dementia as they approach the end of life (Mitchell et al., 2009) . Our data may be of use in promoting a supportive or palliative approach for a growing cohort of older people with dementia, focussing on improving quality rather than length of life.
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• Nearly half (48.3%) of those with dementia died 12 months after admission (median survival time 1.1 years compared with 2.7 years in people without dementia).
• People with moderately severe/severe dementia had an unadjusted mortality risk double than that of those without dementia, although this was attenuated after controlling for a range of confounding variables such as age, chronic comorbidity and in particular pressure sore risk, a marker of frailty.
• The reduced survival time of people with dementia suggests that clinicians should consider adopting a supportive or palliative approach to the care of older people with moderate/severe dementia who have an emergency hospital admission.
